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INTRODUCTION
The prevalence of nephrolithiasis affects between 5-15% of worldwide population, resulting in a global major economic and health burden. worldwide. 1 The recurrence rates of symptomatic stones are high, greater than 50% within 5 years of a first episode. Recurrence rates of 50% after 10 years and 75% after 20 years have been reported. 2 The etiological factors of kidney stone formation are complex and diverse and involve genetic, metabolic and environmental risk factors, 3 some of which may be adjustable; 4, 5 so that the stone formation usually results from an imbalance between factors that promote urinary crystallization, and those that inhibit crystal formation and growth. 6 The most important data appear to be related to the links between genetic variability and urine calcium excretion and pH, so these risk factors seem to be at the very center of the problem of kidney stone disease. 6 Therefore, urinary pH is a decisive element to be considered in supersaturation of many stones; 6,7 thus, it should be taken into account that both highly acidic urine (pH < or equal to 5.5) and highly alkaline urine (pH > or equal to 6.7) predispose patients to calcium kidney stone formation.
All stones share similar presenting symptoms. 8 Most patients present with moderate to severe colic where the painful area is determined by the location of stone in the urinary system. It may also be accompanied by other possible symptoms, such as dysuria, urination urgency and frequency, 7 and autonomic manifestations. Less often, patients present with silent ureteral obstruction, unexplained persistent urinary infection, or painless hematuria.
There are scarce studies on the use of physical therapies as a hypoalgesic measure against Renal Lithiasis (RL); 9, 10 and even less on the use of manual therapy or spinal manipulative therapy (SMT). 11, 12 As far as we are concerned, there are no randomized clinical trials on the application of spinal manipulative therapy on patients suffering from RL. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   o  r  P  e  e  r  R  e  v  i  e  w  O  n  l  y  ;  N  o  t  f  o  r  D  i  s  t  r  i  b  u  t  i  o  n   6 The purpose of this study was to evaluate the immediate effect of thoracolumbar spinal manipulation in pressure pain threshold (PPT) in the thoracolumbar region, in the back range of motion, in postural control and balance and in urinary pH-metry in subjects suffering from RL.
MATERIALS AND METHODS
Study design
The study consisted in a controlled randomized double-blind clinical trial (Registration Number ACTRN 12614000506695).
Randomization and blinding procedures
To randomize patients into their respective groups, a randomized number table designed by an Internet website (randomized.com) was used. The computerbased randomization also helped establish allocation concealment. An external consultant prevented access to the sequence for those participating in the study.
Blinding
Subjects remained unaware of the number of study groups and the treatment allocation group, whereas evaluators who collected or analysed data remained unaware of critical study factors and also the treatment allocation group in order to ensure participant blinding and outcome assessor blinding respectively. 13 The clinician in charge of the intervention did not participate in the assessment protocol and was not aware of the purposes of the study.
Study and sampling population
Those subjects meeting the study criteria were selected according to nonprobabilistic consecutive sampling techniques and were recruited for the study from the Nephrology Departments of 2 hospitals and one private consultancy of physiotherapy in Valencia (Spain).
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Inclusion and exclusion criteria
The inclusion criteria for participants were: The assessor carried out the pre-intervention measurements, subsequently the therapist performed the assigned intervention and 10 minutes later, the evaluator repeated the said post-intervention measurements. All measurements were performed in the morning. 16 The patients were asked to attend the consultancy about two hours after having had breakfast, and not having practiced any exercise throughout the morning in which the study was conducted. 17, 18 The sequence of all measurements was performed in the same way for both the EG and for the CG.
Study protocol
Pressure pain thresholds on the spinous processes and the quadratus lumborum (QL) muscle
The digital compression dynamometer PCE FM-200 (Meschede, Germany) was used. The PPT were measured on T10 to L1 spinous processes with the subject placed in prone position 19 , and in the trigger point of the quadratus lumborum just below the 12 nd rib with the subject placed in lateral decubitus and the homolateral upper limb placed above the head. 20 The algometer pointer was placed perpendicular to the point of evaluation, increasing the pressure force with a constant rate of 1 kg/cm 2 /s evenly and continuously until the perception of a tender point. 21 Patients were asked to inform when they felt a change in the feeling of pressure pain and then the evaluator stopped applying pressure, taking the appropriate register. 22 The algometer remained with the display in a position where the evaluator could not see it until the signal of the patient. Three measurements were made, taking the mean as the reference value. Ten seconds were waited between each one of the 3 measurements and 20 seconds when changing the point.
23
Evaluation of back range of motion hanging, knees extended, separated feet to the width of their hips and without hip rotation. without feet, They were asked a maximum trunk flexion with knees extended and arms hanging down. 25 The inclinometer was placed on the spinous process of T12, and trunk flexion was requested following the above instructions. Three proper measurements were made, leaving 30 seconds between each 26 and taking the mean as the reference value. 27 The same measurement was repeated three times leaving 30 seconds between each.
26
Urinary pH analysis
The measurement was performed with the pH-meter Oakton Waterproof pHTester 30 Pocket pH Tester (Barcelona, Spain). The pH study was performed within the first two hours after the sample was taken. Following the European guidelines the mean portion of urine was collected, after washing the external genitalia. The tip of the pH-meter was immersed about 2 cm in the container with urine, it was stirred and we waited for the reading to stabilize.
28
A urinary pH measurement was performed before the intervention and this measurement was repeated for the first urine after the intervention.
Postural control and balance
The stabilometry and baropodometry platform PODOPRINT of Namrol (Barcelona, Spain) was used. This instrument allows to collect the following variables related to postural control and balance: X and Y mean oscillation, average speed and stroke length, anterior and lateral mean variation and L/S parameter (the ratio of stroke length and the surface of the ellipse). Prior to the measurement, the patient was explained what the whole process involved 29 and the correct way to stand on the platform. 30 Three measures of 30 seconds each were performed, taking the third measure. 31 After each reading, patients were asked to take a step back and leave the platform indicated, after which the measurement process started again until all three measurements were completed. 
Intervention in the control group
The CG received a non-active placebo manoeuver. 38 The subject was lying in supine position. The therapist placed one hand on the sacrum and the other hand on the middle thoracic region, without performing any action for 90 seconds. A rest time of 10 minutes was also taken before taking the postintervention measurements.
Data analysis
Formatted: Strikethrough Data were analyzed and processed using the statistical package R, version 3.0.1 (http://cran.r-project.org).
At baseline, the mean and standard deviation were described (for quantitative variables with normal distribution), or medians and percentiles [P25-P75] (for those without a normal distribution). To assess the normality of distributions, the Shapiro-Wilk test was performed for each of the variables analyzed.
The existence of baseline differences was analysed between both groups using both parametric tests (Student t test for independent samples), or using nonparametric tests (Wilcoxon-Mann-Whitney) based on the results of the normality test. (Table 1 ).
For comparison between the pre and post intervention phase (intrasubject differences), the differences between variables were calculated, and the Shapiro-Wilk normality tests was applied to the changes to determine the adequacy of parametric tests (Student's t test for intrasubject measurements) and nonparametric tests (Wilcoxon test). Due to the small sample size, all contrasts were repeated in the nonparametric version in the variables with a normal distribution. (Table 2 ).
An analysis of variance for repeated measures was performed using time (preand post-intervention) as intrasubject variable and group (CG or EG) as intersubject variable. In those variables in which statistically significant between groups differences were found at baseline measurements, the pre-intervention value was included as a potential covariable (analysis of covariance) to adjust the effect. The statistical analysis was conducted considering statistically significant P value <0.05. (Table 3) .
Ethical considerations and data protection
The study was conducted according to the Code of Ethics of the World Medical Association (Declaration of Helsinki) 39 and the data privacy was respected.
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RESULTS
Data were analyzed and processed using the statistical package R, version 3.0.1 (http://cran.r-project.org).
The existence of baseline differences was analysed between both groups using both parametric tests (Student t test for independent samples), or using nonparametric tests (Wilcoxon-Mann-Whitney) based on the results of the normality test (Table 1) .
For comparison between the pre and post intervention phase (intrasubject differences), the differences between variables were calculated, and the Shapiro-Wilk normality tests was applied to the changes to determine the adequacy of parametric tests (Student's t test for intrasubject measurements) and nonparametric tests (Wilcoxon test). Due to the small sample size, also in the variables where no significant deviation from normality were appreciated, all contrasts were repeated in the nonparametric version (Table 2 ).
An analysis of variance for repeated measures was performed using time (preand post-intervention) as intrasubject variable and group (CG or EG) as intersubject variable. In those variables in which statistically significant between groups differences were found at baseline measurements, the pre-intervention value was included as a potential covariable (analysis of covariance) to adjust the effect. The statistical analysis was conducted considering statistically significant P value <0.05 (Table 3) . were found at baseline in any of the control variables collected. Table 1 shows the baseline physical and clinical characteristics of the study sample and compares the existence of differences between-groups. Despite randomization, significant baseline differences were found between groups in almost all algometry values and those of the inclinometry, and in values of average lateral variation in the stabilometry. Moreover, it is appreciated that the values of PPT in the QL muscle, and all variables related with stabilometry (except for the mean X and mean Y) did not follow a normal distribution.
In regard to the score differences after intervention, Table 2 indicates the intragroup comparison results. There was a very significant increase in the range of trunk flexion in the EG (P <0.001). The EG also observed a very significant increase in the PPT in both muscles (right and left QL; P <0.001 in both cases) and at the level of the thoracic and lumbar spinous process (P <0.001 in all cases). There were no differences between treatments in the other variables analysed. In the CG there was also a significant increase decrease in the PPT of the spinous process of T12 and L1. 
DISCUSSION
The average age of people in the study coincided with most of the studies reviewed, where the highest incidence of RL occurs around age 40. 41 Not surprisingly, the mean scores of BMI were above 25 and therefore can be classified as overweight or obese grade I. 4, 42 Spinal manipulation increased trunk flexion at T12-L1 levels in the EG. The mechanical force introduced into the spine during SMT may alter the segmental biomechanics through the release of adhesions, the trapped meniscus or reducing the distortion of the annulus fibrosus. 43 This might explain the increase in the articular mobility. We believe that the increased mobility reflected in the study patients must be motivated by the presence of a restriction affecting the thoracolumbar region. 44, 45 It should be considered that it is known that the effects of a spinal manipulation on stiffness are restricted to the manipulated level. Therefore this result can be due to the detailed and specific manoeuver which was applied. 46 One of the clinical manifestations of visceral dysfunction in the large intestine is the presence of taut bands in the paravertebral lumbar muscles. 47 Thus, the significant increase recorded in inclinometry as a result of the applied treatment may also be explained by a decrease in the paravertebral lumbar and quadratus lumborum muscles tone. It could be a consequence of a sensitization process due to the presence of the kidney suffering, which might produce a spasm of the neuromeric musculature, i.e. which are included in the same metamere than the kidney, as it has been shown in previous studies. 44, 48 .
It also produced a significant improvement in the average lateral variation in the EG post-intervention, which we think may be due to an improvement in the patient's proprioceptive system as a result of the manipulation. 40 Spinal manipulation (SMT) can improve postural control, forcing the nervous system to a greater proprioceptive response, so that it detects and reacts more quickly to changes in its center of gravity. Perhaps, if the sample had been larger, other stabilometric parameters could also have changed significantly. 55 That is to say, this phenomenon often outlasts not only spontaneous pain but also the presence of the primary pain trigger in the internal organ, to the extent that the somatic manifestation could be the only manifest symptom in subjects with visceral suffering.
56
As for the approach of RL using SMT, case reports of unusual presentation have been described where mild reduction in pain and transient remission of symptoms were obtained respectively. 11, 12 However, the neurophysiological mechanisms underlying the effectiveness of spinal manipulation to reduce pain are not fully known. Various pathways and activation of the endogenous opioid system have been proposed, such as the activation of the endogenous opioid The literature confirms that mechanical stimulation of the spine modulates some organ functions in some cohorts. 34 However, no significant differences were seen in urinary pH in our study, so in the short-term, the spinal manipulation did not change the visceral status. Maybe in studies with a longer follow-up period and subsequent interventions, a change in the renal function and consequently the urinary pH could be achieved.
Limitations of the study
It should be taken into account that a non-randomized sampling was performed, and the potential self-selection bias, due to the voluntary nature of the participation of the subjects. It should also be considered the baseline betweengroups differences in some of the studied variables. The effects of these differences have been minimized by using the pre-intervention values as covariables. Furthermore, it was the experimental group the one that showed worse pre-intervention values.
The study has a very significant effect in the short term, but it would be interesting to assess how long the changes are maintained in the medium/longterm. It would also be noticeable to evaluate possible changes in the medium/long-term in those variables which in the short term have not showed to be significant, such as the urinary pH. It would have been interesting to include the assessment of catecholamines levels to help explain the increase in PPT, such as studies with similar rationale have done.
59
There is an absence of guidelines to design the most reliable placebo for manual randomized controlled trials. 60 To finish with, we consider suitable to perform further studies where several techniques are combined 63 in order to evaluate whether the effect of the interaction is greater than the effect of an isolated technique.
CONCLUSIONS:
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